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Since  some  success  has  already  been  achieved  in  the  reduction  of  muzzle 
flash  by  the  incorporation  of  coca  pound 3  containing  a  high  percentage  of  ni¬ 
trogen  such  as  dic7andianu.de  and  nitre guanidine  in  propellent  compositions 
it  was  considered  desireable  to  extend  this  approach  and  to  investigate  other 
substances  with  comparatively  high  nitrogen  content.  ,  In  order  to  facilitate 
thi3  investigation  it  was  arranged  that  certain  selected  hydrazine  deriva¬ 
tives  be  prepared  at  the  Polytechnic  Instil ut^flf-Wooklyn  under  Picatinny 
Arsenal  Contract  So.  ’*-7^7-0—*  g^-*"frn-~~p~,r^1  i  iw»re  delivered  for 

further  study,  and  'm  afttii^n^Tcoapounda  ware  synthesized  at  the  Arsenal. 

^The  substitution  of  hydrazine  radicals  for  amino  radicals  in  armonia 
derivatives  produces  substances  with  ccr.si  >  rally  higher  nitrogen  content. 
Consequently  a  large  portion  of  t:.e  compound 3  studied  were  chosen  so  as  to 

form  members  of  homologous  series  with  a  progressive  increase  in  the  number 
of  hydrazine  groups.  It  wea  found  that  progressive  substitution  of  hydra¬ 
zine  radicals  fer  amino  and  iciro  groups  ir,  guanidine  causes,  within  the 
homologous  series,  an  increase  in  sensitivity  to  impact,  in  brisance  and  in 
sensitivity  to  iidtiation,  and  a  decrease  in  explosion  temperature.  The 
stability  of  these  carbonic  acid  derivatea,  however,  was  not  affected  by  the 
presence  of  hydrazine  radicals.  It  was  noted  that  the  stability  increased 
qualitatively,  in  this  aeries,  the  higher  the  malting  point.  <==1  _ _ 

Although  the  water  solubility  and  stability  of  the  majori \Jy  of  the  com¬ 
pounds  studied  are  such  as  to  make  them  suitable  for  incorporation  in  pro¬ 
pellent  compositions,  cyanuric  hydrazide  and  5-amino  tetrazole  are  of  the 

greatest  interest  because  of  their  high  nitrogen  content.  It  is  recommended 
that  powders  containing  these  two  substances  be  prepared  in  order  that  their 
effectiveness  aa  flash  eliminating  agents  may  be  determined. 


It  was  noted  that  guanidine  perchlorate  has  properties  which  render  it 
of  interest  as  a  possible  replacement  for  ammonium  nitratff/Vxploaive  composi¬ 
tions  and  that  certain  diaaino-and  triaainoguanidine  salts  are  of  possible 
interest  as  *cool"  explosives. 


Compounds  of  High  Nitrogen  Content  Ln  Propellent 
Ponder. 


INIRCDttCTICN: 

1.  Sooe  eudceat  hee  already  been  achieved  in  the  d«v»icpoent  of  flash- 
less  propellent  powders  by  the  incorporation  cf  nitroguanid ine  or  of  dicyan- 
diaaide,  both  of  which  compound a  sre  characterized  by  the  fact  that  they 
possess  a  coaiparatively  high  nitrogen  content,  and  a  low  carbon  c-  ‘er.t. 

~ihen  flaahlessness  is  obtained  from  powers  containing  such  *Ti;‘  /  jen ts,  the 
Sffloke  effects  are  favorable  due  to  the  reduced  aaount  of  caru  n.  It  there¬ 
for#  appeared  desireable  to  extend  this  approach  and  to  investigate  other 
•ubstaneet  with  conjparstively  high  nitrogen  content  as  possible  Ingredients 
in  propellent  powders. 

2.  is  s  Starting  point  it  was  decided  to  investigate  hydrazine  deriva¬ 
tives  of  carbonic  acid  and  r»l*',od  compounds.  If  the  explosive  and  stability 
characteristics  of  several  neater*  of  the  various  homologous  series  which 
fail  within  this  group  could  be  obtained,  an  estimate  of  the  utility  of  this 
class  of  compounds  as  possible  propeilsnt  ingrsdients  could  be  made.  In  order 
to  facilitate  such  an  evaluation  it  was  arranged,  Picatinny  Contract  No.  *- 
762-0rd.-6264,  that  certain  selected  derivatives  of  hydrazine  be  prepared  at 
the  Polytechnic  Institute  of  Brooklyn  under  the  direction  of  Professor  G.  3. 

L.  Smith.  Twenty-one  compounds  were  prepared  of  which  sixteen  were  delivered 
to  this  Arsenal  for  further  study.  The  work  done  at  the  Polytechnic  Institute 
of  Brooklyn  also  included  the  determination  of  certain  physical  properties 
such  as  the  melting  point  and  water  solubility  of  these  materials  33  well  as 

a  preliminary  evaluation  of  their  stability.  The.  preparation  of  these  coo- 
pounds  is  described  in  P.efcrence  0.  In  addition  V  the  3ubstAr.ce 3  prepared 
under  Professor  Smith's  direction,  two  other  '•o*pow*ds,  guanidine  perchlorate 
and  cyar.uric  hyirazide  were  prepared  at  this  Arsej.au.  This  report  covers  the 
explosive  and  stability  characteristics  of  these  coopound*. 

OBJECT: 

3*  To  determine  the  explosive  and  stability  characteristics  of  certain 
selected  compounds  of  high  nitrogen  content  in  order  to  estimate  their  utility 
ae  ingredients  of  propellent  compositions. 

4.  The  physical  properties  of  the  compounds  studied  are  recorded  in 
Table  1;  the  explosive  and  stability  charactsri sties  of  these  suterial*  are 
recorded  in  Table  11. 

«•  Sensitivity  to  impact  (Bureau  of  Vines  Apparatus  using  a  2  Kg. 

•  wigJA)* 

The  SeaaitivltybO  Impact  Test  value  for  tri  sal  no  guanidine 
'  jperehlorsts  is  similar  to  that  of  mercury  fulminate  (5  cm.).  The  values 
obtained  in  this  test  for  guanyl  aside  nitrate  and  for  tsodlcarbaajdlno 
.  dinitrste  are  close  to  that  of  STM . (17  cm,).  The  values  for  triaeino- 
gu aniline,  formaldehyde  nitrogusnyl-hydrasone,  acetaldehyde-nitroguanyl- 
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hydratone,  ■iiaalnoruanidine  nitrate  ird  guanidine  jwrchicrste  are  eiightly 
gn-ater  than  for  tetryl  (16  ca. }.  rtw  *a,uus  for  bn*  ccmpou-'/J  from  • 

nitroaeircguanidine  aril  nitrous  tcU,  cysnoric  hydrazide,  h yin  sod i car¬ 
bamide,  a :uHr arhnmide ,  a~.ir.osnianid.Ln.*  picrate,  dla.iii.c-r lani-line  plcratw, 
triaainoguamdine  picrate,  d iguana *oiw  oxalate,  and  J-*3ur<ot**lr*tol« 
place  these  substances  in  the  same  class  as  3» I  (ICO  /  cm. )  with  respect 
to  sensitivity  to  Lapact. 

b.  Brirance 

Diguanacole  oxalate,  cyanuric  hydrazide  and  hydra  iodic  arfcaai.de 
could  not  b«  initiated  In  the  Sand  Tost,  oven  when  tetryl,  was  employed 
to  booster  the  mercury  fulminate  Initiating  charge.  Azcdlcarhamide  anc 
S-aainotetrarole  required  both  tetryl  and  mercury  fulminate  to  crush  1.7 
and  4.7  grams  of  sand  respectively.  TVa  brisance  values  of  nitroaaino- 
guanidine,  formaldehyde  nitroruanylhydrazone ,  acetaldehyde  nitroguar.yl- 
hydratcnc ,  azodicarbanddino  dinitrate,  diamino guanidine  picrate,  and 
triaminoguanidine  picrate  are  similar  to  that  of  1ST.  Trianinoguanidine 
perchlorate,  guanidine  perchlorate  and  guanri  azide  nitrate  are  coraoaxable 
to  tetryl  in  their  brisance  value*. 

c.  Stability 

Hydrazodicarbaad.de,  guanidine  perchlorate,  am  no  guanidine 
picrate,  diamine-guanidine  picrate,  triaminoguanidino  picrate,  diamino- 
guanidino  nitrate,  triaainoguanidine  nitrate,  diguanazolo  oxalate,  cyanur'.c 
hydra  side  and  5-amino  tetracole  gave  baluos  in  the  120°S.  vacuum  Stability 
Test  which  indicate  the*  to  be  comparatively  stable.  -  The  following  coa- 
pound*  gave  values  indicating  them  to  be  stable  in  either  the  100°C. 

Heat  Test  or  the  100°C.  Vacuum  Stability  Test,  but  produced  an  excessive 
amount  of  gas  in  the  120°C,  Vacuum  Stability  Test:  Kitroarainoguanidine, 
formaldehyde  nitroguanylhydra zone,  acetaldehyde  nitroguar.ylhydr*  zone . 
azodicarbamde,  azodicarbamidine  dinitrate,  thy  compound  fror:  r.Itrcanir.o- 
gunnidir.e  and  nitrous  acid  and  tria.:.l:.:.:uar.idine  perchlorate,  luaryl 
aaudu  nitrate  Shcwe-d  a  large  weight  loss  in  the  10C°C>  Heat  lest,  and 
therefore  was  not  rubjectud  to  Vacuum  Stability  Tests. 

DISCUSSION 

CF  RESULTS’.  -  - 

5,  Hydrazine,  ammonia  and  water  may  all  be  looked  upon  as  parent  sub¬ 
stances  of  systems  of  compounds  in  which  .the  -NHNH2,  -NHp  and  -OH  groups  may 
be  considered  analogous.  In  effect,  this  means  that  a  wide  variety  of  func¬ 
tional  groups  may  be  attached  to  these  radicals  to  give  compounds  which  aw 
related  to  hydrazine  and  aanonia ,  respectively,  in  the  same  manner  that' ordi¬ 
nary  oxygon  compounds  are  related  to  water,  as  for  instance: 

HOH  '  WHo  «WJU*  "  • 

ECU  HNH2  HNIKhJ  ■  ’ 

where  R  is  alkyl,  aryl,  acyl,  metal,  non-odtal,  etc.  Just  as  water  Is  capebls 
of  effecting  reactions  of  hydrolysis,  so  ammonia  and  hydraaine  .are  capable  of 
setinf  as  ralrolytic  sgents  to  effect  Actions  ef  saftonolysis  and  hydraainoly- 
•U,  respectively.  th  the  case  of  derivatives  of  carbonic  acid,  these  con-  / 

siderat^ons  become  apparent  by  reference  to  the  folldwing  diagramtic  represeo- 
tation  illustrating  these  ‘relationships:’  (Reference  A) 
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Hydrazi.'e  is  a  potential  source  of  compounds  of  high  nitrogen  content  sire# 
it  contains  87. %  nitrogen.  It  is  obviou3  that  the  partial  or  complete  re¬ 
placement  of  amino  radicals  in  compoir  ds  such  as  urea  and  guanidine  b7  ih9 
hydra2ino  M'oup  will  give  substances  with  still  higher  nitrogen  contents  as 
illustrated  by  the  following  table: 


Amonia  compound 

Nitrogen 

percentage 

Hydrazine  compound 

Nitrogen 

percentage 

Urea 

46.65 

Semicarbazide 

55.97 

Carbohydrazide  HjNNH^NHNHg 

62.19 

Guanidine  H^NCNH2 
itH 

71.14 

Aainoguanidine  H^I(jjNHNH2 

75.62 

Diadno  guanidine  H2NNHCNttrH2 

#h 

78.60 

• 

TriaMno guanidine  HjNNfENBfHg 

:  iKH2 

80.72 

Hydrasine  ia  coaaonly  prepared  by  the  oxidation  of  anaonia  with  hypochlorite: 

••  •«%•*  /'-’•■■OCX*-  f  »*cx  ^  HjO 

tV  Ibe  yield  of  thia  reaction  ia  low  and  thus  the  coat  of  hydra  line  at  present 
1»  cooperatively  high.  It  la  understood,  however,  that  naw  synthetic  oat hod a 
^  have  bean  daveloped  which  «H1  oatarially  reduce  the  price  of  hydratiae  and 

“  • 
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thtt*  *ake  practical  the  consideration  of  hrtirnzl ne  derivatives  «s  ingre-Jients 
In  propellent  compositions  and  in  explosives.  Since  hyirstine  'rill  for* 
hydretoic  arid  upon  treatment  with  nitrous  scid  and  other  oxidizing  agents, 
its  availability  at  a  lowered  price  would  be  of  considerable  interest  to  the 
Ordnance  Department. 


6.  The  following  table  illustrates  the  affect  of  increasing  the  nurl-r 
of  hydrazine  linkages  in  carbonic  acid  derivatives  on  the  Sensitivity  to 
Lapact  Test  values: 

Sensiti/lty  tu  Impact  Test 


Compound 

Formula  Bureau 

of  liines  Apparat- 

Guanidine  nitrate 

C(«h£)3  NO3 

100/  (Ref.?; 

Diami  noguanidine 
nitrate 

K^u(NHm4)2  ^3 

uo 

Tr  ianiroguan Id i ne 

nitrate 

GvNKWVj  NO3 

23 

Amino guanidine 
picrate 

H^NHC(NH2)2  C6H2O7N3 

100/ 

Diaainogu a nidine 
picrate 

H^C(NHN1!2)2  C6H2O7N3 

80 

Tri  amino guanidine 
picrate 

c(nhkh^)3  C6H2O7N3 

30 

Guanidine 

perchlorate 

r  - 

c(nh2)3  ClOi, 

40 

Tri ami no guanidine 
perc-tiicratc . 

C(NHSH^)3  CIC^ 

7 

Nitroguanidine 

h^cnwo2 

ifti 

U7  (Ref .C) 

N  it roaminoguanid  ine  HjKN  HCN  HN O2 

34 

From  the  above  data  it  may  be  -seen  that  introduction  of  hydrazine  radicals 
into  the  guanidine  molecule  increases  the  sensitivity  to  impact  within  a  given 
homologous  series.  This  is  a  structural  effect  which  has  not  been  recognized 
heretofore.  It  is' probable  that  the  essential  feature  of  this  increased  sen¬ 
sitivity  to  impact  involves  the  presence  of  a  covalent  nitrogen  to  nitrogen 
linkage  in  each  hydrazine  radical.  A  pertinent  comparison  involving  a  nitra- 
mlne  rather  than  a  hydrazine  radical  aay  be  aade  with  guanidine  nitrate  and 
nitro guanidine,  listed  above,  in  which  the  formation  of  a  nitrogen  covalent 
bond  in  the  latter  compound  increases  the  sensitivity  to  impact. 


7.  A  qualitative  relationship  between  the  number  of  hydrazine  radicals 
attached  to  the  central  carbon  atom  of  carbonic  acid  and  Sand  Test  character¬ 
istics  may  be  noted  from  the  following  data: 


A 


r 


0 
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Compound 


Formula 


Ouanidina  , 

nitrate  C(NH$>3  nSj 

Diaminoguanidine  / 

nitrate  NO3 

Amino  guanidine  / 

plcrate  HaNNHCCNH^h 

LU-uitr  guanidine  '  /  • 

H^IC(HH!«$)2  C^2°y,3 

Triaainoguanidind  / 
plcrat*  C(NHS:h$)3 

Guard  din*  , 

parchlorata  C(NH$)3  ?10^ 

Triamino guanidine  1 
pcorchlorata  CiRHNH^)^  CIO^ 

%itroguanidine  H^QiHNO, 

UH 


Nitro amino guard  dine  H 


NHN0-; 


Briaanca, 

gra.Tio  sai>d  crushed 
upon  initiation  with 

Qtj°  FT-  _ 

Nona  (Ref. 8) 

27.8 

6.3  (31* i)- 

40.6 

44.0 

51.6 

51.0 

33.4  (Ref.C) 

44.5 


Ui lilac lar 
brisance,5*nd 
cruahrd  par  0.001 

.•obi  a _ _ 


10.5 

4.8  (23.7)* 


30.5 


35.6 


20.6 


26.2 

8.7 


13.2 


^Initiated  with  0.25  ga.  HgCcNC)?  and  0.25  £.0.  tetryl. 

The  only  apparent  exception  to  the  generalization  that  an  increase  in  hydra- 
*in«  residue*  causes  a  increase  in  sand  crushed  is  found  in  the  case  of  guan¬ 
idine  and  triaminoguanidine  perchlorates.  •  This  anomaly  is  eliminated,  how¬ 
ever,  if  comparison  is  made  or.  an  equimolar  basis  rather  than  a  weight  basis; 
inspection  of  the  oillimolar  brisance  values  clearly  ahows  that  molecule  for 
molecule  trlaainoguanidine  perchlorate  crushes  -more  -sand  tiwn  gankSne  parrHbrete. 
Mention  should  also  be  made  of  the  fact  that  the  oxygen  balance  of  the  guan¬ 
idine  derivative  is  more  favorable  than  that  of  the  triaminoguanidine  deriva¬ 
tive,  thie  effect  obscuring  the  increased  briaance  conferred  by  hydrazine 
radicals.  As  in  the  case  of  sensitivity  to  impact,  it  ii  probable  that  the 
pertinent  consideration  in  the  case  of  briaance  la  the  increase  in  covalent 
nitrogen  to  nitrogen  linkages,  and  reference  is  again  made  to  the  increased 
briaance  of  nitr&oinea  as  opposed  to  amine  nitrates.  Although  the  effect  of 
hydraaine  radicals  Is  not  as  striking  in  the  case  of  sensitivity  to  initiation 
ae  with  briaance,  nevertheless  eeverel  Interesting  observations  may  be  made, 
Dlamdno  and  trtaminoguanidine  picrates  can  be  initiated  by  mercury  fulminate 
alone,  but  aalnoguanldlne  picratt  with  but  one  nitrogen  to  nitrogen  linkage 
requires  both  tetryl  and  mercury  fulminate  to  effect  complete  initiation.  A 
further  comparison  may  be  made  with  nit ro guanidine,  which  requires  a  tetryl 
booster  for  initiation  (Ref .C)  end  nitroaaino guanidine  idiich  can  be  initiated 
by  mercury  fulminate  alone.  The  foregoing  generalisations  should  aid  mate¬ 
rially  in  predicting  brieenoe,  sensitivity  to  initiation  end  sensitivity  to 
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impact.  of  compounds  containing'  nitrogen  to  nitrogen  links. 

3.  The  stability  data  for  the  a.lt  type  derivatives  of  carbonic  acid, 
given  in  the  .following  table,  indicate  that  despite  the  increased  sensitivity 
to  i.roact,  brisance  and  sensitivity  to  initiation  conferred  by  the  introductJcn 
of  hy  IraSi.ne  residues,  only  a  alight  decrease  in  stability  ia  produced  by  the 
presence  of  this  radical. 


Loss  in  weight 

after  90  hours 

at  80°C.  and 

Vacuum  Stability  Tests 

kelting 

90  hours  at 

100°C 

• 

120° 

C. 

point. 

100°c.i 

cc.  gas 

hrs. 

cc.  ppa 

hre. 

°r 

V  « 

Guanidine  nitrate  » 

• 

- 

0.23 

10  (ReiS)  212 

Diaminoguanidine  nitrate  Nil 

0.77 

10 

1.92 

10 

112-111 

TriamAnoguanidine  nitrate  0.31 

- 

- 

1.06 

10 

216-217 

Ami  no guanidine  picrate  *  Nil 

0.20 

10 

0.37 

10 

133-131 

Diaminoguanidine  picrate  0.19 

0.02 

10 

0.18 

10 

138-190 

Triaminoguanidine  picrate  . 0.70 

0.13 

10 

1.15 

10 

170-172 

Guanidine  perchlorate 

0.36 

10 

1.16 

10 

210 

Triaminoguanidine  perchlorate  3.53 

0.68& 

10 

ll/£ 

23 

128 

^Determined  at  the  Polytechnic  Institute 

of  Brooklyn. 

—1.00  gm,  sample  used. 

Within  the  nitrate  and  picrate  series  it 

may  be 

seen 

that  a 

slight 

increase 

in  gas  evolution  in  the  120°C.  Vacuum  Stability  Teat  is  obtained  as  hydra¬ 
zine  is  progressively  introduced.  The  test  values  of  all  of  these  derivatives, 
ho’vever,  ir.drc.ato  th  m  to  be  of  acceptable  stability.  Triarninoguanidinu  per¬ 
chlorate  is  deiiniteiy  less  stablo  than  guanidine  perchlorate,  but  it  is  to 
be  gointed  out  that  the  melting  point  of  triaminoguanidine  perchlorate  is 
12n  C.,  being  much  closer  to  the  temperature  of  the  test  than  in  the  case  of 
guanidine  perchlorate,  kany  explosives  are  unstable  near  their  melting  points, 
tetryl  being  an  example  of  this  type  of  behavior.  It  appears  more  reasonable 
to  assign  the  major  cause  of  the  comparative  instability  of  triamino guanidine 
perchlorate  to  its  low  melting  point  rather  than  to  the  presence  of  hydrazine 
radicals.  Inspection  of  the  data  in  the  above  tablf/Lndicates  that,  within 
a  given  series,  the  member  with  the  lowest  melting  point  produces  the  most  gas 
in  the  120°C.  Vacuum  Stability  Test;  the.  melting  point  however,  bears  no  re¬ 
lationship  to  the  number  of  hydrazine  residues  present. 

9.  The  following  data  for  nitroguanyl  hydrazine  derivatives  indicate 
that  although  the  aenaiitivity  to  impact,  briaance  and  sensitivity  to  initia¬ 
tion  of  nitroaainoguanidine  are  not  materially  changed  by  condensation  with 
carbonyl  compounds,  the  stability  characteristics  are  affected  by  hydra tone 
formation. 

■  .  .  .  .  ••••••  t 
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SfJitro  guani¬ 

Nitroaaino- 

For.V  lichydc 

Acetalde- 

*c»toc« 

dine 

guanidine 

nitrog»unyl- 

nitro- 

nitre— 

hyd razors 

gusnyl- 

r-’nyl- 

hytir*  zone 

hydra- 

tc-.n 

H^Ch’HNOa 

HpWiHCNift’Cp 

C  ;i  K~'.i  CN  HNG2  CK-jC 

(CHi)2  C* 

NH 

NH 

f.H 

NH 

KTi--TT'  <  B*  O2 

NH 

Sensitivity 

to  Impact, cm. 

17 

31 

31 

>3 

Brisance 

33  .U 

11.5 

15.1 

H.  3 

Sensitivity 

to  Initiation 

9 

gnu  Hg(CNC)2 

0.25 

0.25 

C.23 

"'/eight  Losa  a 

fter 

90  hours  at  80 C. 

and  90  hours 

at 

100°C.^ 

0.60 

39.1 

2.0 

65.1 

100°C.  Vacuum  Stability  Test 

. 

cc.  gas 

. 

0.85 

•  69 

hours 

10 

1< 

120°C.  Vacuum  Stability  Test 

: 

cc..  gas 

.0.37 

11 / 

11/ 

IV 

hours 

uo 

10 

1C 

21 

Melting  point 

,°C.  217 

185  . 

.  165 

130 

160 

^Oata  from  Re 

f  r* 
a  »0« 

^Determined  at,  the  Polytechnic  Institute  of  Drocklyn. 


—1.00  gza.  sample  used. 

It  is  evident  tnst  replacement  of  ar.  ird.no  group  in  nitroguanidine  by  a  hydra- 
sine  group  to  form  nitroaninoguanidine  causes  a  reduction  in  stability  as 
measured  by  the  120°C.  Vacuum  Stability  Test.  The  formation  of  the  nydraxone 
linkage  still  further  reduces  the  stability  of  this  type  of  compound.  Tha 
meaner s  of  this  series  with  the  lom;r  melting  points  are  the  least  stable 
thermally.  Just  as  in  the  case  cf  the  salt  type  derivatives  mentioned  pre¬ 
viously, 

10.  Ihe  remaining  'compounds  studied  form  only  incomplete  series  of  else 
boar  no  structural  relation  to  one  another,  Diguanaaole  oxalate  a  cyclic 
compound,  and  hydra sodicarbamide,  axodicarbaaide  and  -asodicarbamidine  dini— 
trato,  open  chain  compounds,  may  ail  be  considered  to  be  symmetrical  disubsti- 
tuted  hydraxinea,  the  hydrazine  group  in  the  latter  two  being  oxidised.  The 
following  data  indicate  the  effect  of  combination  with  thvs  nitrate  ioo  in  da- 
creasing,  the  stability  pharscterisU.es  of  this  type  of  compound  when  compared 
with  Ihe  non-ionic  substances  or  the  oxalate  compound. 
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*»H  y  l  s. 
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5'yjrszo  izo 

■Heirtvilic  dirirbixl-  dicirr.wai- 
.'O.rhH^Hi  din*  dir. i-  Jin#  diri- 

'  j  3  e  a  “ 


H/driao- 
li.-i-biBi  1# 
H 


trate 


tr-.tj , 

(;h/^n H)a  (Oys^i.^ 

2<oj 


Sensitivity 

to  L*Vf4Ct 

95 

100  / 

95  / 

IS 

Bri$  ir.c* 

100*3.  Vaeuua 

Nil 

su 

1.71 

42.51 

Stibility  >  st, 
cc.  in  40  hrs. 
120°C.  Vaeuua 
Stability  Tost, 

■0.40 

0.30 

0.73 

4.57 

10.771 

cc.  in  40  hrs. 

Loss  in  weight 

C.55 

0.36 

5.60 

aftfr  9C  hours  at 
80°C.  and  90  hours 
at  100°C.i 

0.31 

0.85 

0.39 

21.76 

0.66 

Malting  point, °C. 

Over  250 

246 

223-226 

136 

179.5 

% 

-Initiated  with  0.25  ga. 

Hg(0NC)2  and  0.25  ga. 

Utryl. 

* 

^Initiated  with  0.30  ga.  Hg(CNC)2. 


-1.00  gau  saspls. 

i/ettr»ir.ed  at  Polytuchnio  Institute  of  Brooklyn. 

It  ia  of  interest  to  noto  that  oxidation  of  the  hydrazine  radical  in  hydra- 
tr*ditaro.trsid#  to  in  «o  -tomo  indue  as  slight  explosive  properties,  tut  renders 
•v  r 1  •  1  *.*  ;— si i;:.'.ti"  1  33  sMbl-,  ia  ir^icst*  d  by  the  12Gr'C.  Vscuua 

Stability  Test  values.  The  oxidation  of  a  hydrazino  linkage  to  an  aso  group, 
however,  produce  a  the  opposite  eff*.-ct  on  stability  in  the  case  of  hydrszodi- 
earbaeidin*  dir.itrat*  which  is  .ouch  l*ss  stable  than  azodicarbamidine  dinitrate. 
Insertion  of  t.:e  above  data  reveals  that  in  tns  case  of  the  disui stituted 
hydrazine  derivatives  llatod,  a  low  salting  point  ia  characteristic  of  the 
leas  stable  substances,  suggesting  again  that  this  physical  property  rather 
than  the  presence  of  a  hydrazine  group  largely  determines  the  stability  of 
these  caapnunds.  Cyanurlc  hydrszids,  which  is  a  trihydrazino  syssetrical  1, 

3,  3-triaalna,  is  indicated  on  the  basis  of  the  explosive  and  stability  tests 
(Table  11)  to  be  ncn-eXploaive  and  to  hare  excellent  stability.  It  is  inter* 
eating  to  note  that  trial trosslaolne  which  say  be  considered  to  be  trinltro* 
aadno  syeoetriral  triazir.e  is  cbout  as  brisant  as  TUT  and  is  stabls  in  the 
134. 5°C.  Heat  Test  (Baf.S).  In  the  ease  of  these  two  tr  la  tine  derivatives, 
at  least,  the  Introduction  of  substituents  containing  a  covalent  nitrogen  to 
nitrogen  linkage  has  hot  caused  Impairment  of  tae  stability.  Evidently  the 
effeet  of  throe  hydrazine  residues  upon  the  cyanurlc  group  is  not  sufficient 
to  cease  cyanurlc  hydrszide  to  be  brisant.  The  ooapoaai  5-aalm  tetrasole, 
*rlch  hears  no  direct  etructural  relationship  to  any  of  the  other  compounds 
studied  but  Is  obtainable  by  diazotiaation  of  aa^noguanidina  shoes  a  raoarfcahle 
stability  with  a  12C°C.  Vaeuua  Stability  That  value  of  0.09  cc.  in  40  hoars. 
This  valus  suggests  that  reasonable  stability  nay  be  expected  froa  other  mb»» 
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bers  of  th«  tetresole  series. 

11.  Preliminary  teste  of  guanyl  said*  nitrate  it  the  Polytechnic  In¬ 
stitute  of  Brooklyn  indicated  fc  to  be  unstable,  ita  w*ight  Iota  after  90 
hour*  *t  80°C.  being  12.81%.  3Lr.cs  guanyl  atids  <t* y  be  i*oo?ri zed  to  5-*aino 
tetraaole,  and  thua  bears  a  direct  synthetic  relationship  to  this  c cxxpo und , 
it  wes  considered  of  intereat  to  determins  the  explosive  proper ties  of  ita 
nitrate.  The  brieance  value  of  55.2  for  guanyl  aside  nitrate  shows  that  this 
compound  approaches  rbTH  In  this  characteristic.  The  instability  of  this 
compound  may  be  compared  with  the  rather  low  stability  of  asodicarbanddine 
dinitrate  which  cay  be  considered  to  be  a  diguanyl  nitrate  linked  to  two 
doubly  bound  nitrogen  a tows.  Fire  of  the  twenty-one  compound  a  prepared  at 
the  Polytechnic  Institute  of  Brooklyn  were  considered  to  be  unsuitable  for 
further  investigation.  Of  these,  hydra sodicarbawidine  dinitrate  and  acetone 
nitroguanylhydrazoos  have  already  been  mentioned.  The  preparation  of  urea 
aside  was  undertaken  in  view  of  the  interesting  properties  found  for  famine 
tetrazols  and  guanyl  aside  nitrate.  The  compound  when  prepared,  however,  ms 
found  to  undergo  decomposition  at  room  temperature  with  the  evolution  of 
hjrdraroic  acid.  The  bentaidshyde  derivative  of  triaminoguanidine,  a  trihydrs- 
sor.e,  nad  a  weight  loss  in  90  hours  st  8CPC.  of  8,9%,  thus  further  confirming 
the  thermal  instability  found  for  this  type  of  derivative  in  the  case  of  the 

.  nitroguanylhydratonee.  In  the  course  of  the  preparation  of  triamino guanidine 

perchlorate  it  was  found  that  a  diperchlorate  was  also  formed.  This  type  of 
compound  was  unantic ipitated,  ard  as  far  aa  ia  known  la  the  only  case  irfiere 
•*  triaminoguanidine  functions  as  a  diacidic  bass.  Becauss  of  its  low  melting 

point  (85-90°C.)  and  large  wster  solubility  no  additional  tests  were  made  with 
this  substance. 

12.  The  following  data  indicate  the  effect  of  progressive  introduction 
of  hydrazine  radicals  into  the  carbonic  acid  molecule  upon  the  Decomposition 
Temperature;  it  is  also  of  interest  to  note  tnat  the  relation  bntwe-jn  this 
temperature  and  the  melting  point  of  the  explosives  is  much  less  well  defined 
than  the  relation  between  stability  and  melting  point. 

Five  second 
'  Decomposition  Ta®- 

Cowpound  perature.°C.  Melting  Point, °C. 


Guanidine  nitrate  ' 

305* 

212 

Diamino guard  dine  nitrate 

290 

112-114. 

Trisadno guanidine  nitrate 

260 

216-217 

Aainogusnidins  picrate 

290 

183-184 

Dlaminoguanidlne  pic rate  t,  . 

250 

188-190 

Triaminoguanidine  picrate 

215 

170-172 

Guanidine  perchlorate 

.  365  • 

210 

Triaoinoguanidine  perchlorate 

270 

128 

Sitroguanidiaw  . 

275  (RaX.C) 

247 

N  it  r  oewinogusnid  ice 

22C 

185 

v  *"  -  %et*raih*d  tfufihf  ttd*  investigation. 

Inspection  of  the,  shows.  deU.rtow*  that  ..within  a  given  boaologoos  asrlsa  the 
introduction  ef  a  hydreain#  groqp  lower*  the  Deoawpositioo  Temperature  Test 
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veiu*.  It  la  to  be  mentioned,  ho^vvr,  that  none  of  the  substances  In  the 
foregoing  list  have  a  dangerously  low  decor, position  temperature ,  and  indeed 
the  only  substance  studied  with  an  excessively  low  value  is  r.^anyl  azi-fe 
nitrate  with  s  value  of  IW^C. 

13.  Some  preliminary  consideration  has  beon  given  to  the  possible  use 
of  the  various  materials  studied  as  ir.s-.red i«*nts  of  propellent  compositions. 
Aside  from  tha  special  require, "went  of  the  present  investigation  that  a  iom- 
potnd  must  have  a  high  nitrogen  content,  there  are  certain  general  requirements 
for  inrrediente  of  propellants.  Firstly,  the  compound  must  not  be  unstable, 
nor  oust  it  render  nit/ocellulose  unstable.  Secondly,  it  .must  not  be  appre¬ 
ciably  water  soluble,  since  in  the  water-dry  treatment  used  in  the  manufac¬ 
ture  of  smokeless  powder,  substances  which  are  soluble  in  water  may  be  leached 
from  the  powder.  If  it  is  considered  that  a  less  in  the  100°C.  Heat  Test  of 
less  than  1.05C  is  satisfactory,  then  ill  the  compounds  studied,  with  the  ex¬ 
ception  of  guanyl  azide  nitrate,  are  of  suitable  stability.  Because  of  their 
coojaratively  large  120°C..  Vacuum  Stability  Test  values  the  nitroguanyihydra- 
2 ones  of  formaldehyde  and  acetaldehyde  and  azodicarbamir.dine  dinitrate  n&j 
be  too  unstable,  but  this  conclusion  cannot  be  definitely  established  in  the 
absence  of  knowledge  of  the  relationship  between  stability  of  additives  and 
of  smokeless  powder  containing  the  same  additives.  Formaldehyde  and  acetalde¬ 
hyde  nitroguanylhydraxones  being  organic  in  nature  are  interesting  in  that 
their  water  solubility  is  low  and  their  solubility  in  organic  solvents  is 
appreciable.  These  aldehyde  derivatives  may  be  expected  to  be  physically 
compatible  with  nitrocellulose  and  1 ray  oxort  some  plasticising  action  since 
they  would  probably  behave  as  hydrogen  bonding  agents  (Ref.F).  Guanidine 
and  trianinoguanidine  perchlorates,  diamino  and  triaminoguanidine  nitrates 
would  be  eliminated  from  consideration  on  the  basis  of  their  water  solubility. 
The  picratea  of  amino,  diamino  and  triaminoguanidine  do  not  contain  sufficient 
nitrogen  to  warrant  their  consideration  for  the  present  purpose,  the  nitrogen 
content  of  trismino.'usnidine  picratc-  being  37«*£;  these  materials  were  inverti- 
Cafcr'-  -n  tnat  data  concerning  the  explosive  characteristics  of  another 

homologous  series  of  hydrazine  derivatives  might  be  obtained  and  because  of 
possible  utility  as  high  explosives  rather  than  as  propellent  ingredients. 

This  then  leaves  for  consideration  the  following  compounds:  The  reaction  pro¬ 
duct  of  nitrous  acid  and  nitroauainoguanidine,  ni troaainoguanidine ,  formaldehyde 
and  acetaldehyde  nitroguanylhydrazones,  diguana zole  oxalate,  cyanuric  hydraxide, 
5-*aino  tetrazola,  hjtlrazodic&rbaaid'c,  azodicarbamide,  axodicarband.de  and 
atodicorbaaidine  dinitrate.  Of  these  substances  cyanuric  hydraxide  with  73. 6X 
nitrogen  and  J-amino  tetraxola  with  82,  J%  nitrogen  appear  to  bo  of  considerably 
greater  interest  than  the  other  substances,  all  of  which  have  a  smaller  ni¬ 
trogen  content.  A  further  advantage  which  5- amino  tetraxole  possesses  is  that 
it  has  a  aaall  brisance  (Tabls  II)  which  is  probably  indicative  of  its  ability 
to  increase  the  ballistic  potential  of  a  powder  containing  it.  Its  large 
negative  heat  of  formation  (*57»1  K  cals.)  renders  it  of  interest  as  a' pro¬ 
pellent  ingredient,  since  considerably  core  energy  could  be  obtained  fro*  it 
than  fro*  nitrogunidinu  with  a  heat  of  formation  of  18,0  K  eel s. 

U.  Mitrogunidino  and  dicyaodlaaide  both  contain  four  atoaa  of  hydrogen 
end  four  stooa  of  nitrogen  per  •oleculp.  If  consideration  of  possible  high 
nitrogen  compounds  it  restricted  to  those  with  no  wore  atoaa  of  hydrogen  than 
nitrogen  so  that  no  wore  a— -nit  wLU  be  forswd  ti*n  is  the  case  with  dicyan- 
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diamide  or  nitroguanidine ,  then  th*  number  of  available  coo^cund*  is  reduced 
to  t  large  extent.  To  reduce  the  possibility  of  sack*  being  formed,  it 
*pp«*rs  reasonable  to  consider  only  those  compounds  with  on*  cr  two  carbon 
atoms ,  since  die yandi aad.de  has  but  two  carbon  stoma  per  molar'll •»  k  perusal 
of  the  fornuia  index  of  Beilatain'a  Kandbuch  der  Organiachen  Chemie  repeal* 
that  majority  of  substances  which  contain  better  than  60%  nitrogen,  and 
whic  \  contain  no  aior*  hydrogen  stoma  than  rltrogen  atoms  are  cyclic  and  be¬ 
long  to  either  the  triazole  or  tetrazole  aeries.  The  following  conpO'inds  are 
representatives  of  these  classes:  tatrazole,  ^-snino  tetrazole,  5~c7*no 
tetrazole,  hydrezino  tristole,  guan3zol«  snd  methyl  tetrazois.  The  only  noo- 
gaaeoua  substances  meeting  these  requirements  which  belong  to  the  open  chain 
aeries  are  compounds  such  as  carbonic  acid  diazide  CC and  cyanazide,  both 
of  which,  are  extreoely  sensitive  and  unstable.  It  i*  true  that  guanidine, 
an  open  chain  compound  contains  ?1<  nitrogen,  and  derivatives  such  as  anino, 
diamino  and  triaaino  guanidine  will  contain  still  higher  percentages  of  ni¬ 
trogen.  None  of  these  compounds,  however,  can  exist  in  the  fres  etate  due 
to  their  strongly  basic  nature,  and  are  available  only  in  the  fora  of  salt*. 
Thus  the  nitrogen  percentage  will  be  reduced,  unless  the  anion  contains  ni¬ 
trogen  also.  The  asides  of  this  series  are  unknown  except  for  guanidine  azide 
(Ref. I).  k  further  difficulty  with  guanidine  derivative*  in  general  ic  their 
water  eolubllity,  guanidine  azide  being  soluble  to  the  extant  of  159.2  g*.  per 
100  gn.  of  water.  These  difficulties  will  be  present  alao  with  anidinea,  auch 
as  azodicarbsaidine,  which  also  exist  as  salts.  Thus  the  cost  promising  type 
of  compound  for  future  study  appears  to  be  cyclic  hydrazine  or  hydrazoic  acid 
derivatives  which  fall  chiefly  within  the  triazole  and  tetrazole  classes. 

Of  those  compounds  investigated  during  the  present  study  5“*mino  tetrazole 
and  cyanuric  liydrazid*  best  .Tieet  the  requirements  developed  above. 


15,  Although  the  primary  object  of  this  investigation  was  concerned  with 
the  possible  use.  of  the  compounds  studied  as  propellent*  ingredients,  it  was 
considered  to  be  of  Interest  to  evaluate  these  high  nitrogen  compcuris  as  rjgh 

explosives.  The  Sand  Tost  value  cf  triamnoguanidine  perchlorate  (Table  II), 
places  it  in  the  same  class  as  Haieite  and  tetryl,  but  ita  extreme  aeneitivity 
to  impact  and  its  instability  in  the  120°C.  Vacuum  Stability  Test  militate 
against  its  consideration  as  a  military  explosive.  Since  guanidine  perchlorate 
has  a  better  oxygen  balance  than  tri  amino  guard  dine  perchlorate,  and  in  view  of 
th*  uee  of  perchlorate  compounds  in  commercial  explosives,  it  was  believed  of 
interest  to  investigate  its  explosive  properties,  despite  the  fact  that  it 
doe*  not  fall  strictly  within  the  class  of  high  nitrogen  compounds  under  con¬ 
sideration.  The  possibilities  of  guanidine  perchlorate  have  been  mentioned 
previously,  it  having  been  described  by  Stettbacher  (Ref,G)  aa  beings  superior 
tc  picric  acid.  The  briaance  value  of  51. 6  found  for  guanidino  perchlorate 
abows  that  it  also  is  .comparable  with  Haieite  and  tetryl.  Its  Sensitivity 
to  Impact  Test  value  of  40.  9a.  indicates  that  it  is  not  unduly  sensitive  and 
ita  120^C.  Vacuum  Stability,  Teat  value  of  1,16  cc.  in  40  hwira  ia  sufficiently 
low  so  that  ita  stability  may  be  considered  satisfactory.  Ita  melting  point, 
240°C.,  preclude*  it#  use  an  a  cast  explosive  by  itself.  ■  The  chief  objection 
to  the  use  of  this  explosive  l#  ita  water  solubility.  Since  this  seme  objec¬ 
ts ae  may  be  raised  against  ammonium  nitrate,  mod  eioce  mixture*  of  guanidine 
perchlorate  end  tUT  wxili  be,  far  more  hrisant  than  Amatols  of  the  same  com* 
position,  mixtures  of expioeive  with  Hit  might  .be-  more,  acceptable  that 
Amatols.  Should  the  cost  of  guanidine  salts  and  perchloric  acid  become  suffi¬ 
ciently  low,  th*  further  investigation  of  this  compound  would  appear  to  be  de- 
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sirebl*.  Fop  purpose*  such  a*  bursting  charts  ff,r  ch«r.ic*i  shell  or  other 
uses  where  thu  ignition  of  fiazoable  material $  is  not  d**r>ir«H ,  an.  "xplosivo 
which  attains  a  ecxcpsr*  lively  low  temperature  on  explosion  is  indie stud.  A 
cool  explosive  which  at  the  same  ti,T»  is  brisant  would  b»?  partic ilariy  use¬ 
ful.  Nitre guanidine  has  bcon  used  as  an  ingr‘'di',rct  of  cool  explosives  as 
also  has  guanidine  pierste  (Ref.H).  It  appears  reasonable  to  as-jiv  that 
other  nitrogenous  derivatives  of  carbonic  acid  such  as  those  consi  Jerk'd  in 
tho  present  investigation  oaj  also  be  of  interest  as  cool  explosives.  The 
following  compounds  are  reasonably  stable  and  are  sufficiently  brisant  to 
warrant  consideration  for  this  purpose:  Nitroasiinoguanidine,  diamino  and 
trianinoguanidine  picrates,  triaaino guanidine  nitrate  and  guanidine  perchlor¬ 
ate. 

C0WCLU3ICW3: 

16.  It  is  concluded  that  progressive  introduction  of  hydrazine  radicals 
into  the  carbonic  acid  molecule  causes,  within  a  homologous  series,  an  in¬ 
crease  in  sensitivity  to  inpact,  brisance,  sensitivity  to  initiation  and  a 
decrease  in  decomposition  temperature.  No  decrease  in  stability  attributable 
to  the  presence  of  hydrazine  groupings  is  occasioned  by  an' increase  in  tr.e 
number  of  those  groups  present  in  carbonic  acid  derivatives.  The* stability 
of  these  compounds  increases  qualitatively,  the  higher  the  melting  point. 

1?.  It  is  concluded  that  the  following  compounds  are  sufficiently  stable 
and  sufficiently  insoluble  in  water  for  inclusion  in  propellent  ccrpositions:  , 

The  reaction  product  of  nitrous  acid  and  nitroasinoguanidine,  nitromi.no- 
guanidine,  formaldehyde  and  acetaldehyde  nitroguanyihydrazones,  diguanasole 
oxalate,  cyanuric  hydra zide,  5**amino  totrazole,  hydrazodicarbaru.de,  ezodi- 
carbaride  and  azooi c arbaaidinu  dinitrato.  Of  these  substances  cyanuric 
hydra 5ti.de  with  73.  b'X  nitrogen  and  5-aair.o  tetrazole  with  82*335'  nitrogen  appear 
to  U<  cf  considerably  r-enter  interest  than  tr.e  ether  substances  since  all 
others  have  a  smaller  nitrogen  content. 

18.  It  is  concluded  that  guanidine  perchlorate  offers  some  pro.uise  as 
a  high  explosive,  because  its  bris&ncc  is  of  the  sea*  order  of  magnitude  as 

Haleite  and  tetryl,  its  stability  is  satisfactory  and  it  is  not  unduly  sen¬ 
sitive  to  impact.  It  is  also  concludod  that  the  nitrates  and  picrates  of 
diamine  end  trianinoguanidlne  which  havo  brisance  values  close  to  that  of  UiT, 
offer  promise  ss  cool  explosives. 

maamsEL*  \ 
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19.  It. is  recommended  that  powders  containing  5-auino  tetrazole,  and 

cyanuric  hydreside  be  prepared  to  determine  whether  fleshlesaness  with 
Improved  smoke  effects  cap  be  attained  by  the  use  of  these  high  nitrogen 
compound*.  If  this  object  is  achieved,  then  powders  containing  other  com¬ 
pound*  of  high  nitrogen  content,  should  be  prepared, 

•  »  *  *  f  .  .  V,  *  ’  -  •  .  .  *  *  *• 

•  *  •  •  •  «  '. 

20.  ft  is  recommended  that  the  explosive  and  stability  characteristics  , 

of  other  high  nitrogen  compounds,  particularly  those  of  the  triasole  and 

tetri  sola  series,  be  determined  if  improved  woke  and  flash  effect  are  ob- 

■  .  .  -  4 
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tsined  by  Incorporating  in  propellent  powders  the  compounds  mentioned  in  the  ' 

proceeding  paragraph.  • 


i 

t 

% 
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21.  The  preparation  of  guanidine  perchlorate  was  accomplished  as  followst  ‘ 

To  13  grams  of  guanidine  carbonate  dissolved  in  40  cc.  of  water  was  added  j 

slowly  with  stirring  17.3  cc.  of  705*  perchloric  acid.  After  filtration,  the 
solution  was  evaporated  to  dryness  on  the  steam  oath  and  was  recrystallixod  , 

from  a  mixture  of  100  cc.  absoluta  alcohol  and  50  cc,  of  benzene.  The  yield 

was  nearly  quantitative, 

f 

22.  Cyanuric  trihydraxide  was  prepared  by  th®  following  procedure:  ‘ 

Cyanuric  chloride  (64-7  grams)  was  partly  dissolved  in  250  cc.  of  acetonitril®  ( ’ 
and  to  this  mixture  was  added  -..1th  cooling  in  an  ico  bath  and  stirring  150  ■ 

cc.  of  35*  hydra »in®  hydrate  and  100  cc.  of  alcohol.  The  white  precipitate 
which  was  formed  was  collected  on  a  Buchner  funnel,  washed  with  three  100  cc.  J  * 

portions  of  alcohol  and  two  100  cc.  portions  of  water.  The  yield  after  dry-  '  ■ 
ing  was  57.5  grams  or  95.83*.  *  I 

\  i 

23.  The  Sensitivity  to  Impact,  Explosion  Temperature,  Vacuum  Stability,  ; 

100°C,  Heat  and  Sand  Tests  were  performed  according  to  procedures  standard  ? 

at  this  Arsenal,  except  that  in  the  Explosion  Temperature  and  Vacuum  Stability  \ 
Tests  of  triaminoguanidine  perchlorate  smaller  size  samples  than  standard  I 

were  used  as  indicated  in  the  footnotes  to  Table  II.  i 
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